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TROUBLE SHOOTING FOR AIRPLANE ENGINES. 


PRELIMINARY SECTION. 


Preliminary knowledge. 


To be able to shoot trouble successfully and systematically it is 
necessary to know— 


(a) The general design of the motor, the magneto, and the 


carburetor. 

(0) The direction of rotation and firing order. 

(c) What the motor is supposed to perform—the highest 
R. P. M.; lowest R. P. M.; the oil pressure; correct 
running temperature; pick- a : 

(d) Degree of vibration at various speeds. 

(e) The valve clearance. 

_ (f) The correct spacing of the csank plug electrodes. 

(7) The correct spacing of the magneto contacts. 

(h) The approximate size carburetor jets. 

(2) The air pressure used to force the gasoline. 

(7) The “feel” of the compression by turning the oe 


Knowledge of symptoms required. 


. One who is not entirely familiar with engine construction will — 
very rarely locate the troubles by haphazard experimenting. It is - 


only by knowing the symptom, the causes of the symptom, and by 
systematically eliminating the causes or probable causes until the 
trouble is corrected that success is obtained when trouble shooting. 
Local and general troubles. | 

There are two kinds of trouble—(@) focal: (6) general. Local 
trouble 1s when the trouble is confined to one or two cylinders or 
it may be confined to one block of Vee-type engine. A dirty spark 
plug, for example, is a local trouble. It will cause one cylinder to 
miss, but can not affect the other cylinders. General trouble is when 
the trouble intermittently “ skips ” from one cylinder to another 
or affects all the cylinders, causing missing or a complete shutdown. 
A leaky intake manifold, for example, is a general trouble. It will 
cause all cylinders to miss, and if real bad can prevent starting. 


13218419 —-9 | 2a SEL 08 





10 TROUBLE SHOOTING FOR AIRPLANE ENGINES. - 


Sources of trouble. 
‘There are three main sources of brouble: 
(a) Carburetion. 
(6) Ignition. 
(c) Compression. | 
Other troubles might be called subtroubles. Example: An exhaust 
valve not seating is a local subtrouble of the main trouble, com- 
pression. Dirty contacts might be called a general subtrouble of 
the main tr ouble, ignition, because it is an ignition trouble and causes 
a general miss of the motor. 
A symptom. 


The symptom of the trouble is the effect the trouble causes or the 
condition of the motor caused by the trouble. 


Main and subtroubles. 


The first thing to be determined when trouble shooting is: What 
maim trouble does the symptom indicate? Then: a subtroubles 
could cause the main trouble? . 

Order of classification. 


“We will now classify the main troubles under “Carbiuretion, zgnt- 
tion, and compression,” and endeavor to show the subtroubles and 
giving the method determining the: trouble, the systematic elimina- 
HORS me Ponet ye: aa 


CARBURETOR SECTION. 


When general and subtroubles. 

Troubles of the carburetor are usually classed as general troubles, 
but on the Vee-type motor, where twin carburetors are used, they 
may be classed as local troubles when one block is affected. 


Usual symptoms. 


The usual symptonis of carburetion trouble are a lean or rich mix- 
ture. When the mixture is lean, backfiring may be noticed in the 
carburetor and the motor will be found to fail to turn up to the 
proper R. P. M. When the mixture is distinctively rich a rolling, 
irregularly running motor, exhausting black smoke, which has an 
offensive odor. 

Indications of a lean mixture. 

~ To determine if the mixture is lean, close the choke valve partly. 
Notice speed of the motor if the speed increases. If it does, it is a 
positive sign that insufficient gasoline is being supplied the motor. 
Most mechanics at this stage would change the carburetor jets. In 
doing so, the motor would have to be restarted and tested again. 
To save the time of starting the motor several times; start systemati- 
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cally and trace the: pain from the oe to one ey in the following 
manner : SEC oe 

3 (a) How much: gasoline 1 is in the tank? 
- (b) If pressure is used, what is the pressure? 7 
(c) If no pressure is used, is the air vent open in the tank? 
(d) Is the gasoline line or the filter stopped? Ae 
(e) Is the float level high enough? Se 
(f) Any water in the carburetor or the system ? 
(7) Isthe pressure from the float chamber to the jets stopped ? 2 
(A) Are the jets stopped ¢ 
(4) Any air leaks in intake fpanitold or its connections? If 
after trying all the above subtroubles of. the main car- 
buretion trouble and a remedy is not found, then it is 
permissible to increase the size of the jets, which will 
undoubtedly cure the trouble. 


Indications of a rich mixture. : , 
To determine if the mixture is rich, open the altitude adjustment 
slightly or hold the needle valve sem tight. Notice the motor 
speed; if the speed increases black smoke decreases. and the motor 
runs regularly, then the mixture must be rich. Since we have .too 
much gasoline, the supply from the tank to the jets must be sufii- 
cient, but if the pressure were too great it would cause the carburetor 
to flood and we know flooding will cause a rich mixture by causing 
too much gasoline to overflow the pLOpeE jet level. | 
Tracing too rich a mixture. 
Use the following system to trace the cause of meh mixture: 
(a) Is the pressure too great? ? 
(6) Is the float valve eanne Proper 
(ce) Is the float air-tight?» 
-(d) Are the jet gaskets the piope tiiclenees ond nm scou 
condition ? 3 
(¢) Any other reason for flood, such as poor opetig? 
(Norr.—All the above subtroubles: would cause 
flooding and in turn a rich eb Tne noticeable 
mostly : at low motor speeds. ) 
Tf no flooding is noticed try— 
(7) Is the main air passage stopped? 
A g) Is the choke valve partly closed ? | 
(Norn.—After eliminating all the above sub- 
troubles and still no cure is found, then decrease 
the size of the jets and the trouble will be pees ) 
Apply only usual process in case of lean mixture. 


If after trying the method prescribed for a lean mixture (see 
par. 10) and no speed increase is noticed, do not attempt any elim- 
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nation of carburetor troubles, because of the other troubles that give 
the same symptoms, but do not respond to the same method of deter- 
mination given. Example: An air leak in the intake manifold or its 
connections will cause trouble by diluting the mixture in the mani- 
fold, especially at low motor speed, when the vacuum in the mani- 
fold is the greatest and also because a lesser quantity of mixture is 
flowing through the manifold. 


A symptom similar to a lean mixture. 

Crossed magneto distributor wires will at times give a lean-mixture 
symptom, but is recognized by the motor missing locally on two or 
more cylinders, and should the spark occur while the intake valve is 
open will give a sharp backfire in the carburetor. 


Inlet valves holding cpen. 

An intake valve could cause trouble similar to a lean mixture by 
sticking in its guide or by not closing properly, causing also a dilu- 
tion of the mixture in the manifold and in turn a general miss. : 
Improper exhaust valve timing. 

An exhaust valve not opening properly would cause a back pres- 
sure when the intake valve opened and possibly cause back-firing at 
high speeds. It will give a lean-mixture indication, but will not 
respond to method previously stated to determine when the mixture 
is lean. | 
Preignition. | . 

Preignition caused by carbon or a mistimed spark will sometimes 
cause back-firing by igniting the mixture when the intake is open. 
General mistiming pf valves. 

. The cam:shaft set too early will cause back-firing. If the exhaust 
valve closes and the intake opens before the piston has reached top 
center and before the burning gases are exhausted, then the mixture 
in the manifold will ignite and back-fire. 


Improper compression. . 

Poor compression in one or more cylinders will give a lean-mixture 
symptom, especially at low motor speeds, but can not be remedied 
by the lean-mixture test. 

Over oiling. 

Too much oil in cylinders will give a similar symptom to that of a 
rich mixture, making the motor roll, run irregularly and emit a 
volume of blue snioke, especially after the motor has been throttled 
Gown some time. The burning oil will saturate the mixture. Speed 
the motor and then throttle down gradually. If the motor continues 
to miss when throtlled slowly, it may be a combination of both a rich 
mixture and too much oil, in which case test for rich mixture and de-° 
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crease oil pressure. If the motor runs for some time when slowed 
down without. missing, that indicates the mixture is good until satu- 
rated with oil, in which case decrease the oil pressure. : 


Low volatility of gasoline. 

Poor grade of gasoline will make motor hard to: start, overheat: 
motor, and possibly cause back-firing at high motor speeds; also 
throttle very poorly. Ié motor must. be started and better gasoline 
is not available saturate a clean rag with gasoline so the gas will not 
drip from rag and place the rag in the main air intake of the car- 
buretor; open the throttle about a third way. Then start motor and 
; nea the rag when motor runs fast enough to. carry on. This 
method will allow the lighter gases to be drawn from the rag and 
usually works very well. The reason poor gasoline makes the motor 
heat and back-fire is becasue it is slow burning. It continues to burn 
when intake valve is open and ignites the incoming charge of gas. 


Occurrence of water. 

Water in gasoline is a common occurrence. It will, if enough, 
make the motor impossible to start. When the motor is running it 
will cause back-firing at high speed and cause stopping or missing 
when motor is throttled. Water is heavier than gasoline and can not 
be drawn through the jets by same vacuum as gasoline. If only a 


small quantity, it can sometimes be removed by speeding the motor. 


and clogging the choke when motor is at speed. This will create a 
higher vacuum on jets and draw the water through. Before the 
motor stops open choke and respeed to clean out rich mixture. This 
should never be done if motor is real cold as the unburned gasoline 
due to the clogging on the choke will collect in the cylinders, destroy 
the lubrication of the cylinder walls and possibly cause scoring. It 
will also work past the rings and dilute the cylinder oil. Don’t rest 
until all the water is removed from the gasoline supply system. 


Air leaks in manifold or its connections. 

The leaks commonly occur at the joints and are caused by faulty 
gaskets, by neglect to place gaskets, or by faulty machining of the 
manifold flanges preventing their being drawn tightly together all 
around the passage. The best gasket is a soft, compressible, and 
tough material. Rubber or asbestos gaskets should not be used as 
the gasoline will deteriorate them and cause leaking. Gaskets should 
never be more than ;; inch thick. Thicker gaskets may cause the 
tlanges to become sprung and cause a leak. 

Worn intake valve stems and guides. 

These commonly occur in older engines and affect the mixture at 

low motor speeds, causing missing and stalling. 
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sHaportance of air leaks. 


Too much importance:can not be attached to air leaks, as a seem- 
ingly insignificant leak will cause serious diticulty in starting the 
engine and make it very sensitive to stalling. Should an engine - stall 
while being flown close to the ground it may place the aviator’s life 
in danger and cause a serious accident. 
Carbureter changes. 


\ 


‘ 
it is essential to go over the entire engine before attempting any 


carbureter change, unless, of course, the action is such as to point 
directly to the carbureter. 
‘Gasoline economy. 

Hconomy of gasoline is very important j in airplanes ane to the lim- 
ited carrying capacity. A gallon of gasoline saved may save the lives 
of the men flying. Therefore, it is important to keep the mixture 
as lean as possible and still obtain the motor’s maximum R. P. M. 
Changing choke and jets. 

The Zenith carbureter is used almost entirely on airplane motors. 
The following rules for changing the choke tube or jets a are recom- 
mended : i 

Choke tube too large: The pickup will be defective and can not be 
bettered by use of a large compensator. The motor will have a 
tendency to load up and at high speed run irregularly. | 

Choke, tube too small: The effect of a small choke tube is to pre- 
vent the motor from taking a full charge when the throttle is open. 
fully and motor will not develop its proper R. P. M: = 
: Main jet too large: Irregular running, characteristic smell from 
exhaust, carbon, sooting of “spark plugs, and excessive consumption 
of gasoline. — | : 

Main jet too small: Lean THxture at high speed, backfiring and 
low R.P. M. 

Compensator too large: Same indication as large main jet, except 
it shows up at lower motor speed. | 

Compensator too small: Poor pickup, lean. mixture at modemite 
speed, motor misses and tries to stall at half-throttle opening. 


Ability for pr ompt adjustment. © 

Don’t play with carbureter a long time. Carbureter trouble should 
first be determined and then adjusted. The adjustment should never 
take longer than ib is necessary to take out the old jets and replace 7 
new ones. 
Classification. — 

Tenition is classified as either general or local trouble. 
Determination. | 

To find ignition trouble, first determine what class the frouble | 1s. 
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Occurrence of local trouble. : ; 
Local trouble is usually confined to one © ness although it: may 
occur on two. 
Local-trouble test. ie 
After classifying the trouble, if it is local trouble on the cylinder, 
take high-tension lead from spark plug, hold within 1% inch of the 
cylinder, observe the spark. (Test made with engine running.) If 
the spark jumps the gap, then stop the motor, take the spark plug 
from the missing cylinder and change with the plug from another 
eylinder which did operate well, put the plug taken from the missing 
cylinder in place of the other plug. Start motor and retest. If the 
miss changes to the cylinder where the plug was placed from the 


first missing cylinder, then the trouble is the spark plug. If the same 


cylinder continues to miss after the plugs are changed, then the miss 
is not due to ignition trouble. Examine valves for clearance and 
compression. ech i. tne Gee 
The case of a shorted distributor block. 


_ If when the wire is held 1% inch from ground and no ose or a 


very weak spark is observed, then disconnect the same high-tension 


wire at the magneto and see if magneto is delivering a pane to. that 
wire. If itis, the lead wire is shorted. If it is not, and all other cyl- 7 
inders are receiving their proper sparks, then the trouble must be a 
shorted ace eoe block. This may be due to oil on the face of 


the block and to an internal short circuit. Clean the block and oy, 
If still bad, try a new block. 


Local incorrect wiring. 


When trouble is a two- -cylinder local miss, it may be ane to dirty. 
spark plugs, shorted wires, shorted distributor block, but is most. 


commonly due to the wires being attached incorrectly. 
Spark plugs.. 


“Spark plugs ¢ can give Jocal misses only, but are sometimes very. 


difficult to locate when missing only once in a great while. If the 
electrodes are set too far apart the motor will be hard to start and 


will miss at high speeds. If too close, will start easily, but will 


throttle very poorly. A setting of 0.018 to 0.025 is about correct for 


airplane motors. If the magneto is weak, they may be set as low as 


0.010, but magneto should be repaired or replaced as soon as pos- 
sible. If the motor has a tendency to oil the spark plugs, a close 
setting will be found to keep plugs clean longer. 


Removing porcelains. 


Cracked porcelains are mostly due to carelessness of the mechanic. 


When taking plugs apart the body of the plug should be held in a 
vise just tight enough to keep it in place, get a wrench that fits the: 
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porcelain binding nut, a socket if possible, and be sure the wrench 
don’t slip. | 
When cleaning the porcelains, never use emery cloth or sandpaper, 


as they will scratch off the gloss, roughen the surface, and make 


the porcelain more susceptible to carbon. When putting plug 
together a new inside gasket should be used. Tighten the binding nut 


carefully, tight enough to prevent leaks, but not so tight that the 
heat of the motor will expand the porcelain and break it. The 
reason a new gasket should be used is that it will prevent leakage 


without being tightened as tight as an old one and allow more room 
for expansion. A new outside gasket should also be used for the 


same reason. Nothing will cause a plug to go bad quicker than 


a leak around the porcelain, as the hot gases will overheat it and 
crack it. : : 


Cleaning plugs. 


Plugs should be kept clean of carbon. It is impossible to keep the. 


plugs very cool with water circulation, and a small particle of carbon 


may become incandescent and preignite the mixture. It is more 


dificult to clean spark plugs that do not come apart. To get good 


results soak the plugs in kerosene, then scrape off carbon and wipe: 


dry. 

Setting electrodes. 

~ Care should be taken not to bend the electrodes unless necessary 
to adjust. ‘They become brittle with age and break very. easily. 


They should be scraped and examined very closely for defects of 


crystallization and if burned badly should be discarded. Porcelains 
should be examined thoroughly and replaced if they show any signs 
of being cracked. i 


General trouble. 


General ignition trouble may cause any cylinder to miss or cause: 


failure of motor to start. 
Magneto case. 
When a high-tension magneto is used the following trouble-shoot- 


ing system has been used successfully in finding general ignition. 


trouble: | 
High-tension magneto system. 


Disconnect all spark-plug wires. Hold one or more within 14 inch 


of the cylinders. Have another man crank the motor over quickly as 


if to start it. Notice size and color of spark. If spark jumps the 


gap and seems “ fat,” that is, if it has plenty of volume and appears 


to flame, the ignition system is no doubt all right as far as general 


trouble is concerned. If the spark appears “thin,” only a faint blue 
spark without any volume or if no spark appears, then the magneto: 


~ 
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is at’ fault. The next test should be made off the collector ring or 
from the lead from the high-tension winding before the current is 
led to the distributor. Take a piece of high-tension wire, fasten one 
end to the engine so it will ground, hold the other end about 14 inch 
from the collector ring or high-tension winding lead and have 
another man crank the motor. If the spark is good, then examine. 
the collector brush, the safety gap, the rotor pencil, the rotor, the 
rotor brush, and Be distributor block for leakage to the ground or 
for poor contact. If no defect 1s found replace each part with a new 
part until the trouble is remedied. A small leak sometimes is very 
difficult to find, and the replacing of parts will eliminate time. Go 
over timing of distributor in relation to the armature. The dis- 
tributor brush should just make contact on the block segment with 
the spark retarded, when the contacts open and when magneto is 
turned in direction of rotation. If when testing high-tension circuit 
and no spark is delivered, then trouble may be in the primary circuit. 
The primary is usually more often at fault than the secondary. All 
high-tension magnetos are made to furnish a spark when switch is 
open. The primary circuit is grounded when the switch is closed. 

Should the wire from the breaker box to the switch become grounded 
it would ground the magneto whether the switch were open or closed. 

Likewise the switch steel! may become shorted. The usual way to 
connect the ground wire to the primary circuit is through the 
breaker-box cover and is insulated from the cover. Should this in+ 
sulation become defective the magneto may become grounded. To 
eliminate the breaker-box cover, the ground wire, and the switch, dis- 
connect the breaker-box cover, be careful while cranking, and test 
for spark again at high-tension lead. If spark is obtained, connect 
breaker cover without ground wire and switch, try for spark. If no 
spark, then trouble is in cover. Attach the ground wire and switch 
in like manner if cover is all right until trouble is located. If after 
eliminating the switch, ground wire, and breaker-box cover and no 
spark is obtained, then examine the breaker box. Clean the contact 
points, give proper clearance, make sure they make proper contact. 
If the breaker points revolve as they do on the Bosch and Berling 
magnetos before setting breaker clearance, remove the primary con- 
tact screw. This primary contact screw ne two functions to per- 
form: To hold the breaker assembly in place and to carry the pri- 
mary current from the primary coil to the breaker points. There- 
fore it is insulated by a fiber washer. Examine the washer for: 
cracks. Should it be cracked and enough oil and dirt in the crack, 

then the primary circuit will be gr manded and no spark can be pro- 
duced. Examine the insulating washers of the breaker arm and 
screw. Examine the ground brush’ in back of the breaker assembly. 
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Replace breaker assembly and primary contact screw, clean contacts, 
and adjust to proper clearance. ‘Test to see if trouble has been Jo- 
cated. If trouble has-not been remedied, test for condenser trouble. 
If several of the “ plates” of a condenser become disconnected from 
the others, an arcing at the breaker points will he seen when the 


motor is cranked. This is a sure sign of condenser trouble. If the 


condenser “ plates” are grounded, no spark will occur at the breaker 
points and neither will a high-tension spark be produced. The only 
thing to do in this case is to try a new condenser and test for spark. 


‘df spark is still lacking remove magneto from motor, test magnets 
_ for strength and for reversed polarity. The magnets, if good, should 


hold each other when the opposite poles are placed together and held 
by one magnet horizontally. The magnets should never be left off 
the magneto unless a keeper is placed across the ends to prevent them 
irom demagnetizing. The placing of magnets end to end so they 
will attract each other, or the opposite poles together, will serve the 
purpose to retain the magnetism. The strength of the magnets can 
usually be determined before the disassembly of the magneto by the 
feel of the resistance offered by the magnets when the magneto is 
turned by hand. If magnets are found to be weak, assemble the 
magneto and send it to the magneto repair department for an over- 
hauling. If magnets are good, then the trouble must be in either the 
primary or secondary winding, in which case send the magneto to the 
magneto repair department. Or put in a new armature shaft or re- : 
place. the induction coil, depending upon the design of magneto _ 
being repaired. : 
a COMPRESSION SECTION. 
Classification. _ : | 
Compression trouble can be local or general. Local when the 
yalves.or rings of one or several cylinders are bad. General when 
the grade of oil is poor or when cam shaft is out of time. 


When poor compression is noticeable. : 
- Poor compression in several or all cylinders is most noticeable 
when motor is throttled down. Unless several or all cylinders are 
poor, very little difference will be noticed in the R. P. M. 
Methods employed. : ‘ : 
_ There are two ways to determine which cylinder is lacking in com- 
pression. 
(a). Turn propeller, notice valves and watch which cylinder 
in compressing. : 
(6) Take out all spark. plugs, insert one, try compression of 
that cylinder. Then take out plug after test and try 
another cylinder and so on until all are tried. 


a 
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To. make proper test motor should be warmed, otherwise cold | 


cylinder oil. will give a false impression. . 


Warm motor before testing. | 

To test all cylinders warm the motor, make sure the motor is safe— 
it is best to disconnect all spark plugs—and turn the propeller in 
direction of rotation, noticing the resistance offered by each cylinder 
as it compresses. All cylinders should cause eee resistance. 


Further inspection though good compression. 


If all cylinders have an equal amount of compression and the 
resistance neteeds is correct for the type of engine worked on, further 
inspection is still necessary. An exhaust valve so gummed or car- 
bonized as to close slowly when motor is running is a cause of tr ouble, 
sometimes not found when turning the propeller by hand. It is 
usually noticed by a popping sound in the exhaust. If no popping 
sound is noticed, the “ feel” when cranking is good and the motor 
throttles equally on all cylinders—then compression may be con- 
sidered good. 


When to examine timing. 

If “feel” when turning propeller is poor on all cylinders examine 
timing and clearance-of valves, and if not right, correct. If right, 
remove all spark plugs and casert a small quantity of cylinder oil. 
in each cylinder, replace the plugs and try again for compression. if 
compression. is improved. Remove a small quantity of oil from the 
sump for examination. If oil appears good then trouble may be 
due to too much gasoline in the cylinder from over priming. In 
each case the insertion of oil through the plug hole 1s all that is 
necessary. If the oil is black, feels gritty, and seems very ‘thin, 
replace with fresh. oil. 


The case of piston rings and excessive oiling. 

Poorly fitted or broken piston rings usually show up on one or 
several cylinders by pumping cylinder oil and are usually detected 
when turning the propeller. Piston rings can be fitted to hold com- 
pression and yet pump oil, so lack of compression can not be blamed 
on the rings when pumping oil unless the valves are known to be 
good. In case of broken rings or rings pumping excessive oil, the 
motor will have to be removed from plane and overhauled. 

Excessive oiling of one cylinder may be due to several causes. 

(a) If the rings fit the walls poorly. : 
(5) If the rings fit the piston grooves poorly. 

(c) If the cylinder is scored. 

- (d) If valves are not seating properly. 
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(e) If connecting-rod bearing of that cylinder is very loose, 
or if the oil grooves very deep, excessive oil will be 
thrown up in the cylinder where pressure feed .system 
is used. This is noticed on V motors when. two 
cylinders opposite each other give the same symptom 
of over oiling. | 

(7) If valves are not operating properly. 

(7) Poorly-fitted pistons. Pistons, when too loose, will al- 
low tco much oil on cylinder walls and this oul will 
force by the piston rings, giving the impression that 
the rings are bad. Poorly-fitted pistons usually give 
a rattling sound when motor is throttled or running at 
moderate speed. Over oiling usually results in poor 
compression by carbonizing the valves and causing 
them to seat improperly. 

Carbonized valves.. 


Carbon on valves is the most common of compression troubles. It 
is due to overoiling, rich mixture, or to natural deposit from long 
service without cleaning. It is impossible to prevent this deposit, 
but it may be decreased by keeping the mixture as clean as possible, 
using good oil, changing oil often and an injection of kereosene in 
the combustion chamber while the engine is warm after each flight. 


Warped or burned valves. 


Warped valves are usually due to an excessive deposit of carbon on 
face of valve, poor material in’ valve, or the stopping of a motor 
while very hot. A motor should never be stopped: immediately after 
running at full throttle, but should be throttled down until the motor 
cools gradually to its normal heat. Rapid cooling of a motor is just 
as harmful as rapid heating. Rapid cooling usually results in 
warped valves. Burned valves are the result of running a motor 
which has warped or carbonized valves. Burned and warped valves 
can also be the result of being poorly ground in. Should a slight 
leak be left the burning gases when on the power stroke will rush 
through the opening and in time make the opening much larger. 


Slow-burning mixture. 

A slow-burning mixture caused by poor grade gasoline, lean mix- 
ture, and rich mixture will cause valve trouble, overheating the motor 
and leaving carbon deposit. | 


Overheating. ) . 3 

Poor grade oil, rich mixture, lean mixture, late spark, new or tight 
motor, and lack of water or poor circulation usually give valve trou- 
ble first and ruin the complete motor in short time. 
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Weak valve springs. See 
_ Weak valve springs ae occur on the exhaust side ford over- 
heating. They are most noticeable at low motor speed. When. on 
the intake stroke if the exhaust valve spring is weak the suction 
created by the downward plunge of the piston will cause the valve 
to open partly and a portion of burned gases will be drawn in from 
the exhaust manifold, causing a aituvon of the mixture and a poor 
explosion. They can usually be detected by a popping sound in 
the exhaust manifold. If,a screw driver is placed under the spring 
and more tension created the cylinder giving trouble can be locaied 
by the ceasing of the popping noise. . pees 


Defective cam shafts. : : — 

Defective cam shafts are very rare and very difficult to diagnose 
on account of the many symptoms they can create. Should one ‘be 
suspected, check the timing of each cylinder separately. 


Defective valve operating mechanism. : 
_ Defective valve operating mechanism, such as a defective cam fol- 
5 eee Sine 
lower, is rare and hard to locate. Usually shown up when it 1s 1m- 
y) 3 

possible to get the proper valve timing. Tight rocker arm bearings 
will cause the valve to hold. open too long and result in a general 
miss when an intake valve is affected and a Tosal when an ec 3 


Conclusion. 


We have now gone over a few .of the most common ee ales ae 
explained their separate symptoms and causes, but in a great many 
cases when trouble shooting it will be found that several tr roables will 
happen at the same time endl perhaps a complicated symptom will 
be the result. In such case it will mean that the trouble will be 
harder to diagnose and locate. Should a complication of trouble be 
suspected time will be saved by making a complete inspection of all 
units. Trace out ignition system, Paeoline supply, compression, 
valve timing, etc. Elimcaate troubles as found and when all are 
thought to be found, then start the motor. If proper inspection 
has been made the motor should, after a few slight adjustments,, run 
perfectly. 


A SYSTEM OF ENGINE INSPECTION BEFORE FLIGHT. 


Introductory. 

Airplane engines must be inepetied before each flight in a sys- 
tematic way, that takes little time, but covers everything thoroughly 
and efficiently. The inspector must keep in mind at all times that his 
inspection is not only to eliminate troubles that are found, but also 
to prevent: troubles occurring. The old saying, “An ounce of pre+ 
yention is worth a pound. of cure”. applies especially well to: air- 
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plane inspection, and should be followed. The attitude of, “Oh, it’s 
good enough,” will not be accepted. The inspectors are more liable 
to court-martial than any man on the field. Carelessness can not 
be tolerated and will be sufficient cause for action against them. On 
the other hand, a good inspector is more popular than any man cn 
the field and His better chance to show his worth. 

The first requirement of an airplane mechanic is reliability—there 
must be no guesswork about anything that is part of an airplane— 
everything must be right before the machine ‘is permitted to leave 
the ground. If an airplane were to leave the ground and the motor 
fail over the enemy’s lines, it may result in the death of the pilot 
and perhaps endanger a regiment or more of men who are dependent. 
on the airplane for protection in case of a surprise attack. 

Although the ical principle of airplane engines is the sane, 
each has its own peculiarities which must be memorized by the in- 
spector. The inspector must know engines in general and as aun 
different types as possible. 

We will suppose we are assigned to inspect an engine for flight ; 
it is to be ready as soon as possible. The plane is to go over the 
-enemy’s line to obtain information. The motor must not fail because 
the information gathered on the trip will mean the success of the 
‘drive: Our pr ocedure will be as follows: 


Peters starting engine check as follows’ 


{ gnition system.—Trace ground wire fr om magneto to switch, ex- 
amine it for shorts or places where it may be chafed or likely to chafe 
or short. Examine switch for proper action. Take off breaker box cover 
and watch operation of breaker as motor is turned over by hand. 
Clean points and reset if necessary. Be sure there is not too much 
oil in box; it should be dry except for a thin coating on the cam. 
Wipe out distributor block with clean cheesecloth that has a few 
drops of thin oil on it. If distributor segments are burned or black- 
ened, rub off black with a lead pencil rubber. Examine pencil for 
cracks and shorts. Examine pencil brush for proper contact; if 
burned or glosses, use fine sandpaper and sand off until gloss dis- 
appears and brush makes proper contact. . Examine collector brush 
and sand down if necessary. If brush is worn short, replace it. 
All wires must be tight in their connections and the connections 
tight in distributor block and locked in place. Take out spark plugs, 
clean, examine for broken porcelains and set gaps. Set plugs aside 
until valves have been checked, as it is easier to turn the pro- 
peller without compression in cylinder. Examine breaker box ad- 
vance and retard mechanism (if used) for free and proper per- 
formance. Try for spark by holding several wires about 14 inch 
from cylinder and spin propeller -( plugs out). Al connections must 
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be tight and clean. - All oil-soaked wires must be replaced. Wires 
must not chafe or be placed near exhaust ports or pipes. Wires 
must not be stretched so tight that the vibration of the motor breaks 
or pulls off the connection. See that none of the strands are broken 
where wire is attached to plugs. Go over tong and check for proper 
setting. 3 

Compression system. = Cheek opening and closing of each valve and 
regulate clearance accordingly. See that valve mechanism is work- 
ing properly. That the rocker arms and valves work freely. Make 
sure that.tappet adjustments are securely locked. Test tension of 
valve springs. Replace spark plugs and try compression by rotating 
propeller. 

Gasoline system.—Examine tank setting and gee that it is full. 
Examine tank for leaks. If gravity system is used check air vent. 
If pressure, see if tank holds pressure. Squirt a few drops of oil 
around tank filler cap and around pressure regulator and watch for 
leaks. Inspect gasoline line for leaks. Take plug from sediment 
trap and inspect for water and unusual amount of dirt. Replace 
plug. Disconnect gasoline line at carburetor and inspect flow of 
gasoline. Replace line, remove plugs under compensator jets, let 
gasoline flush through. Turn off gasoline, remove jets and check if 
proper size for motor. See that jet oaskets are O. IKK. Should any 
water be found in system, drain all gasoline and strain through 
chamois skin. Try out throttle controls for full opening and closing. 
Examine control wires for chafing. Turn on gasoline; watch for 

carburetor flooding. 

Aur siete Tsnoct choker valve, see that 1t opens and closes cor- 
rectly. Examine carburetor intake for stoppage. Sometimes a screen 
ig used over the air intake and it will get clogged with dirt. Check 
ijl nuts on manifold joints and test for possible leaks with oil. Squirt 
ol] around the joints, then turn propeller and watch for bubbles at 
the joints. eee 

Water system.—LExamine water for presence of oil. Fill radiator. 
Check all hose and pump connections for leaks. Examine condition 
of all hose. If oi] soaked or soft, replace. When tire tape is used on 
hose it should be shellacked. Ses that all drain cock handles ‘are 
turned down and tight. All airplanes carry just sufficient water and 
should a slight leak occur or be allowed to pass, it would only be a 
short time before the motor overheated. 

- O4l system —Remove sump screen, clean and replace. Fill with 
required amount of fresh oil. Examine all oil pipes for leaks and 
make sure they can not vibrate and break loose. Examine crank case 
for leaks. Oil all moving parts with oil can. | 
~ General.—Check up propeller nuts and all lock springs and satets 
wires. See that propeller tracks within 4 inch. Examine propeller 
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for possible splitting or fraying. ‘Go over all nuts and see that they 
are tight and properly locked, touching each with the fingers in order 
not to skip one. © : 
After starting engine. : : 
~ Run slowly until warmed, allowing all parts to expand equally and 
the oil to warm and circulate properly. : 
' Speed up and adjust oil pressure to factory specifications. 
See that water is circulating and motor doesn’t heat, 3 
Speed motor slowly noticing degree of vibration at various speeds. 
Test motor at full speed and then at throttled speed, | 
_ If trouble appears and then disappears, don’t rest until it is found 
and eradicated, for it may later appear especially at high altitudes. ~ 
Conduct entire inspection with aim of preventing trouble and don’t 
quit until your conscience is clear. 


Classifying troubles. 

When a motor is not working right we must classify the trouble 
or decide what the motor is doing. For example: “Does it miss,” 
and “Cut out,” “Slow down,” “ Backfire,” “Fail to start,” “ Loud 
reporting at the exhaust,” “No oil pressure,’ “Knock,” or what? 
Then, at what speed does the trouble occur? Many troubles occur 
only at certain speeds, and therefore we should make note at what 
speed the trouble occurs. 


General and local troubles. 

Notice, if possible, what part. of the motor is giving trouble, for 
example: On a V-type motor, is the right side or the left side miss- 
ing? Notice which cylinder is giving trouble and we can then find the 
trouble comparatively quickly. Some troubles can cause the whole 
motor to go wrong, but could not cause just one cylinder to give 
trouble. Such troubles could be called “ general” troubles. Another 
kind can cause one or two cylinders to miss or give trouble, but 
could not cause a general trouble; these we call “local” troubles. 


Elimination of troubles, 


_ Suppose we say the motor is missing. Now, in addition to noticing 
at what. speed the motor is missing, let us notice the nature of the 
miss. For instance, is one cylinder missing occasionally, one cylinder 
missing steadily, one side of the motor cutting out, or the whole motor 
cutting out as though we intermittently pulled the switch? Or, is it 
a scattering miss, which means first one cylinder on one side and then 
another cylinder elsewhere, but not missing regularly? Suppose we 
decide that we have one cylinder missing occasionally, “At what 
speed does the miss occur?” Suppose it occurs at low speed. What 
can cause.a motor to miss only at low speed on one cylinder? Any 
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of these causes will do it: Shorted spark plug, plug gap too close, 
poor compression, air leak around the intake valve stem or a weak 
exhaust valve spring. How are we to determine which of these 
troubles is causing the miss? Answer: By eliminating the most com- 
mon cause until the trouble is found and remedied. | 


Diagnose the trouble by the symptom. 

It is necessary when shooting trouble to properly diagnose the 
trouble by the symptom, and to eliminate troubles one at a time until — 
the right one is found. It would be foolish to examine the magneto 
if the symptom indicated a lack of gasoline. 


A list of symptoms and troubles. 


The following paragraphs contain lists of symptoms with the 
troubles that. will cause them. The student should acquaint himself 
with these symptoms, and in a short while should be able to diagnose 
troubles by the symptom and eliminate a particular trouble in a very 
short time. | 


IF ENGINE FAILS TO START. 


It may be due to any of the following causes: 

1. Lack of gasoline. 

2. Primed too much. (Rotate engine backwards several times to 
clear it of excessive gas or turn engine in direction. of rotation 
with throttle wide open.) . 

. Insufficiently primed. 

. Throttle too wide open. (Or not enough.) 
. Faulty spark. 

Lack of compression. 

. Cam shaft out of time, 

. Ignition out of time. 

Cold motor. 
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IF ENGINE STOPS. 
1. Lack of gasoline. 
2. Faulty spark. 
3. Overheated. 


‘LEAN (OR RARE) MIXTURE. 
1. Water in carburetor. 
2. Dirt in jets. 
. Poor gasoline supply. (Dirt in line or not enough pressure.} 
. Level low in carburetor. 
. Back-firing. 
. Air leak. 
. Jets too small. 
. Altitude adjustment open toe far. 
. Venturi tube too large. 
10. Low-test gasoline. 
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SCATTERING MISS (one that jumps from one cylinder to another). 
. Lean mixture. . 

. Rich mixture. 

. Kaulty spark. 

Water in carburetor. 

. Air leak in intake manifold. 

. Intake valve holding open, 

: valve springs weak. 


Reo ReNe 


MOTOR WILL NOT DEVELOP PROPER SPEED, YET DOES NOT MISS FIRE. 
peas Mixture slightly too lean. 

Mixture slightly too rich. 

Cam shaft set too late. 

Ignition set too late. 

Poor grade of oil (or oil too long in use). © 

. Overheating. 


Venturi tube too small, 
Insuflicient throttle opening. 
Excessive carbon. 

Poor grade of gasoline. 


pt. . 5 
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cylinder, 


“MISSING FIRE AT HIGH SPEED ON ONE CYLINDER. 
"J, Shorted spark plug. 
es ay Shorted distributor wire. 
8. Shorted distributor block. 
4. Spark plug gap too wide. | ae 
5. Weak exhaust valve springs. ee 
6. Poor compression. 


MISSING AT LOW SPEED ON ONE CYLINDER. 

, . Shorted spark plug. 

. Spark plug gap too close. 

. Poor compression. 

. Shorted plug wire, 

. Shorted distributor block. 

Air leak around intake valve stem. 
Weak exhaust valve spring. 


NO oP Wr 


CAUSES OF EXCESSIVE CARBON IN CYLINDERS. 
1. Use of too much oil. 
2. Bad piston rings. 
‘3: Poor grade of cylinder oil. 2 
= Rich mixture. hay 
. Motor run long while without cleaning. 
5 Poorly fitted pistons. 


RESULT OF EXCESSIVE CARBON IN CYLINDERS. - 
1. Preignition. 
2. Overheating. 
8. Knocking due to carbon; in time, will, loosen bearings. 
4. Motor won’t develop speed. 


. Tight motor (one that has just been overhauled or is ne) 


Valves not opening far énough, due to valve seating too far in 
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BACKFIRING IN CARBURETOR. 
1. Cold mixture. 
2. Lean mixture. ics 
3. Air leak in manifold or around intake valves, 
4, Vaive springs weak. 
5. Distributor wires attached wrong. 
G6. Magneto timed wrong. _ 
7, Exhaust valve not opening or not far enough. 
8. Camshaft set too early. 
9. Rich mixture. 
10. Overheating. 
it :Carbon..-7 
12. Low test gasoline. 
138. Venturi tube too large. 
14. Intake valve sticking. (Gummed or tight in guide.) 


HOW TO DETECT MIXTURE BY COLOR OF EXHAUST. | 
1. Long red and yellow flame indicates rich mixture. 
2, Short irregular light-blue flame indicates a lean mixture. 
3. Black smoke indicates mixture entirely too rich. 
4. Blue smoke; too much oil being used. 
5. Quick blue flame without yellow tip; correct mixture. 


CAUSES OF RICH MIXTURE. 

1, Carburetor flooding. 

(a) Leaky float. 

(b) Level too high. 

(c) Gaskets under jets baa 

(d) Hole in carburetor casting. 

(c) Float valve not seating; dirt under seat. - sre roe SA fees 

‘(f)- Air pressure ‘too high. : peters Bes 
2. Jets too large. ste oe 
do. Air intake stopped up. (Or choke valve closed part way.) 
4, Venturi tube too small. eo a 


LOUD REPORTING OUT OF EXHAUST... 
1; Preignition. og abet 

. Cam shaft set too ae 

. Rieh mixture. 

. Spark too late. 

. New or stiff motor. 

. Faulty spark. 
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PREIGNITION. 

1. Carbon. 

2. Overheating. 
Rich mixture. ws, 
Magneto out of time. 
Wires from distributor crossed or lead to wrong cylinder. 


OU ge 
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FAULTY SPARK. 

. 1. Breaker points not spaced properly. 
2. Breaker points burned or. ‘corroded. 
3. Condenser shorted or broken down. 
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FAULTY -S8PARK—Continued. 


. Magnets weak or crossed. 

. Collector brush worn out or dirty. 

. Distributor brushes. worn: out or dirty. 

. Collector ring (or commutator) shorted or eras 
. Distributor.block shorted or dirty. 

. Primary winding shorted or broken down. 

. Secondary winding shorted or broken down. 

. Distributor pencil shorted. 

. Safety gap too low. 

. Distributor out of time with primary circuit. 

. Poor connection between secondary and collector ring. 
. Ground wire or switch shorted. 


OVERHEATING. 


BSBoOoNowirwonwy 


. Spark set too late, 

. Poor water circulation. 

. Rieh mixture. 

. Poor oil circulation. 

. Oil too thin or cold. 

. Lean mixture. 

. Cam shaft set too late. 

. Running at low speed too long. 
. Poor compression. 

10. 
. Bearings or pistons out of ‘line. 
. Excessive carbon. 


Tight bearings or pistons. 


- POOR COMPRESSION. 


So CON DNR oO DR 
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. Valves not adjusted properly with: niespeat to elearance. 
. Valves warped. 

. Valves caked with carbon. 

. Valve stems bent. 

. Valves gummed or sticking: 

. Leaky cylinder head, spark plug, or valve cage gaskets. 
. Insufficient oil supply or oil that has been used too long. 
. Rocker arms too tight. 

. Valve springs broken or weak. - 

. Cam shaft out of time. : : 

“Rings not! seating: properly.” (Or may be broken or weak.) — 
. Cylinders scored. 


RESULT OF RICH MIXTURE. 


15 
2 


Excessive carbon formed in cylinders. and on. valves. 
See of motor. : 
. Motor will gallop and not develop. proper speed. 


“RESULT OF LEAN MIXTURE, 


af 
24, 
3. 
4. 


Motor will back-fire and Day ae ae . 
Will burn valves. See Faia eet 23 
‘Motor will not develop proper oped 2 
Motor will stall or “die” easily. 
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RESULT -OF TOO MUCH OIL. 


1. Will cause engine to misfire by shorting coeds 
2. Will create excessive carbon. 
8. Will get on insulated wires and cause short circuits. 
4, Will get on cloth- covered parts of plane and cause. deterioration. 
5. Will vaporize, and vapor will interfere with proper combustion 
causing effect of too rich a mixture. 
NO SPARK. 3 
1. Primary circuit grounded. 
2. Secondary circuit grounded. 
8. Grounded ground wire. — 
4, Switch grounded. 
5. Condenser open-circuited or shorted. 
6. Magnets crossed. 


WHEN THE ENGINE KNOCKS. | : 
Knocks such as the following are caused by various defects in the engine: 

Loose connecting-rod bearings —A rather sharp metas Sod notice- 
able at low motor speed. 

Loose main bearings.—A dull heavy knock accompanied by vibration. 
Noticeable when motor is picking up speed or when throttled down. 

Loose wrist pins —A sharp metallic sound. Very pronounced when 
motor is throttled down. : 

Loose pistons (pistons slap).—A “rattling” sort of se most pro- 
nounced when engine is running under light load. aS 

Ignition advanced too far.——A very sharp knock without! mich volume 
of sound. May be stopped by retarding the spark. 

Carbon.—A similar sound as spark knock, but can not be steppes Dy 
retarding the spark. ae, 

Labor knock.-—Caused by engine running ‘ot or by Jean mixture: 


OIL PRESSURE TOO HIGH. 

. Adjustment. 

. Bearings set too -close. 

, Oil grooves in bearings not deep enough. 

. Oil pipe kinked or-bent, | 

By-pass stuck closed. 

Too much oil in system. :: (Liberty motor.) | 
. Extra heavy oil. : Oey 

. Oil cold or frozen. 


MOAOMTRwWNEH 


RAPID RISE IN OIL PRESSURE. 
1. Bearings getting too tight due to overheating. _ . 
2. Stoppage in system between gauge and bearings. 
8. Too much oil in system. (Liberty motor.) 
4, Oil cold. or frozen., ..; pear 


OIL PRESSURE TOO LOW. 
1. Insufficient oil. 
2. Regulator not set property, 
3. Oil too thin or cold. -: 
4, Leak in feed pipes. 
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OIL PRESSURE TOO LOw—continued. 
5. Bearings too loose. 
6. Bad gauge. 
7. Gears in pump worn, 
8. Overieated motor. 


RAPID DECREASE IN PRESSURE. 

. Leaky feed pipe or may be broken. 

. Stoppage in line between the pump and gauge. 
. Broken pump gears or shaft. 

. Burned out bearing, 

. Running out of oil, 

. Overheating of motor, 
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